Elderly patients become more hypothermic during surgery, shiver less postoperatively, and take longer to rewarm than younger patients. Similarly, the vasoconstriction threshold (triggering core temperature) is reduced approximately 1°C in elderly patients during nitrous oxide / isoflurane anesthesia. Accordingly, we tested the hypothesis that the vasoconstriction threshold in the elderly is also reduced approximately 1°C during nitrous oxide and sevoflurane anesthesia. Eleven young patients aged 30-50 yr and 14 elderly patients aged 60-80 yr were anesthetized with nitrous oxide (50%) and sevoflurane (1%). Mean skin temperature was calculated from four sites. Fingertip blood flow was estimated using forearm minus fingertip skin-temperature gradients, with a gradient of 0°C identifying onset of vasoconstriction. The distal esophageal temperature triggering onset of vasoconstriction identified the threshold for this thermoregulatory defense. The data from five patients who did not vasoconstrict at minimum core temperatures of 33-34°C were eliminated, leaving 10 patients in each group. The vasoconstriction threshold was significantly less in the elderly (35.0 2 0.8"C) than in younger patients (35.8 ? 0.3"C), despite similar mean skin temperatures (mean ? SD, P < 0.01, Student's t-test). Age dependence of thermoregulatory vasoconstriction during nitrous oxide/sevoflurane anesthesia is similar to that previously observed during nitrous oxide / isoflurane anesthesia.
Elderly patients become more hypothermic during surgery, shiver less postoperatively, and take longer to rewarm than younger patients. Similarly, the vasoconstriction threshold (triggering core temperature) is reduced approximately 1°C in elderly patients during nitrous oxide / isoflurane anesthesia. Accordingly, we tested the hypothesis that the vasoconstriction threshold in the elderly is also reduced approximately 1°C during nitrous oxide and sevoflurane anesthesia. Eleven young patients aged 30-50 yr and 14 elderly patients aged 60-80 yr were anesthetized with nitrous oxide (50%) and sevoflurane (1%). Mean skin temperature was calculated from four sites. Fingertip blood flow was estimated using forearm minus fingertip skin-temperature gradients, with a gradient of 0°C identifying onset of vasoconstriction. The distal esophageal temperature triggering onset of vasoconstriction identified the threshold for this thermoregulatory defense. The data from five patients who did not vasoconstrict at minimum core temperatures of 33-34°C were eliminated, leaving 10 patients in each group. The vasoconstriction threshold was significantly less in the elderly (35.0 2 0.8"C) than in younger patients (35.8 ? 0.3"C), despite similar mean skin temperatures (mean ? SD, P < 0.01, Student's t-test). Age dependence of thermoregulatory vasoconstriction during nitrous oxide/sevoflurane anesthesia is similar to that previously observed during nitrous oxide / isoflurane anesthesia. (Anesth Analg 1997; 84:1029-33) I ntraoperative core hypothermia results initially from redistribution of body heat (1) and, subsequently, from heat loss exceeding metabolic heat production (2). After several hours, however, core temperature reaches a plateau and does not decrease further (3). This plateau coincides with the reemergence of thermoregulatory vasoconstriction that decreases cutaneous heat loss (4) and constrains metabolic heat to the core thermal compartment further core hypothermia during anesthesia. Because intraoperative hypothermia is associated with numerous adverse outcomes (6-8), the threshold for thermoregulatory vasoconstriction is clinically important. Multiple observations suggest that thermoregulatory control is impaired in the elderly. Elderly patients become more hypothermic during surgery (9-ll), shiver less during spinal anesthesia (12) and after general anesthesia (9,13), and take longer to rewarm postoperatively (10) than younger patients. Similarly, accidental hypothermia (core temperature <36"C) is relatively common in the elderly (14, 15) train-of-four stimulation of the ulnar nerve at the wrist. At least 10 mL * kg-i * h-l fluid was given IV, and blood products were replaced to maintain the hematocrit 25%-32%. Administered fluids were warmed to 37°C.
The patients were covered with a single layer of surgical draping; no other warming measures were incorporated during the initial portion of the study. Five patients never vasoconstricted because the duration of surgery was inadequate to produce sufficient hypothermia; their data were excluded from analysis. Twenty minutes after significant vasoconstriction was observed, the patients were actively rewarmed using forced air (2, 20) . Subsequent anesthetic management was left to the discretion of the responsible anesthesiologist.
Core temperature was measured at the tympanic membrane before induction of anesthesia and, subsequently, from the distal esophagus. Mean skin temperatures was calculated from four sites using the formula of Ramanathan (21): 0.3(Tmest + T,,) + 0.2(Tthi h B + Tcalf). Fingertip blood flow was evaluated using orearm minus fingertip skin-surface temperature gradients (22). Ambient temperature was recorded from a thermocouple positioned at the height of the patients, well away from any heat-generating equipment.
Heart rate was monitored continuously using threelead electrocardiography.
Blood pressure was determined oscillometrically at 5-min intervals. Respiratory gas concentrations were quantified using a calibrated end-tidal gas analyzer (Datex Medical Instrumentation, Inc., Helsinki, Finland). All other data were recorded at lo-min intervals, starting immediately before induction of anesthesia (initial values).
We considered a skin-temperature gradient of 0°C to indicate onset of thermoregulatory vasoconstriction; the distal esophageal temperature that triggered the onset of vasoconstriction was, in turn, considered the thermoregulatory threshold. The preinduction fluid bolus was not considered part of the intraoperative fluid balance. Fluid administered to the time of vasoconstriction was divided by the time of vasoconstriction to produce the fluid administration rate. Ambient temperature was averaged over the time from induction of anesthesia until vasoconstriction for each patient.
Morphometric data, initial core temperature, ambient temperature, and fluid administration rate were compared using two-tailed, unpaired t-tests. Sevoflurane concentration, vasoconstriction threshold, time of constriction, mean skin temperature, heart rate, and arterial blood pressure at the time of constriction were similarly compared. All values are expressed as means ? SD; differences were considered significant when P < 0.01.
Results
The data from the five patients who did not vasoconstrict were eliminated. Four were elderly patients who failed to constrict at minimum core temperatures of 33°C (the lowest temperature we allowed). The other was in the young group and failed to constrict at a minimum core temperature of 34°C. The gender ratio and weight of the remaining 10 elderly and 10 young patients did not differ significantly.
The ambient operating room temperature, end-tidal sevoflurane concentrations, and administered fluid volume also did not differ significantly between the two groups. The elderly patients were significantly shorter, and their heart rates were significantly faster than the younger patients; however, neither difference was clinically important.
Hypothermia developed at comparable rates in elderly (1.3 ? 0.3"C/h) and young (1.2 t O.4"C / h) patients. Elderly Young Figure 1 . The vasoconstriction threshold was significantly less in elderly (35.0 2 0.8"C, n = 10) than in younger patients (35.8-k 0.3OC, n = 10) (P < 0.01). 0 = the vasoconstriction threshold in each patient; W = the mean I? SD in each group.
The vasoconstriction threshold was significantly lower in elderly (35.0 + 0.8"C) than in younger patients (35.8 t 0.3"C) (Fig. 1) . Approximately 35 min longer was required to trigger constriction in elderly than younger patients (P = 0.015), and the mean skin temperature was approximately O.2"C less when vasoconstriction did occur (Table 1) . Responses were similar in men and women.
Discussion
Our data indicate that the threshold for thermoregulatory vasoconstriction during nitrous oxide/ sevoflurane anesthesia, is reduced approximately 0.8"C in the elderly. This result differs only slightly from our previous observation that the vasoconstriction threshold is reduced approximately 1.2"C in the elderly during nitrous oxide / isoflurane anesthesia (18). The protocols in the two studies were similar but not identical. For example, patients in the previous protocol were given 70% nitrous oxide, whereas our current patients were given 50% nitrous oxide. Thus, total anesthetic potency was comparable in the two investigations, although a larger fraction resulted from volatile anesthetic in the current study. Nitrous oxide inhibits thermoregulatory control less than a comparable dose of volatile anesthetic (23); however, it remains unknown whether age-dependent thermoregulatory impairment is comparable with nitrous oxide and the volatile anesthetics.
In our current study, we considered a skin-surface temperature gradient of 0°C to indicate onset of vasoconstriction, whereas we previously required a gradient of 4°C (18). A gradient of 0°C corresponds to the beginning of vasoconstriction (a fingertip blood flow near 1 mL/min).
In contrast, a gradient of 4°C corresponds to intense constriction and a fingertip flow near 0.25 mL/min.
We used gradients of 4°C in our initial studies to minimize the confounding effects of inadequate anesthetic depth or vascular volume depletion. However, we have recently found gradients of 0°C to be more useful because this value correlates Height ( The data from five patients who did not vasoconstrict were eliminated, leaving 10 patients in each group. All data except the morphometric values, initial (pre-induction) core temperature, ambient temperature, and fluid administration rate were recorded at the time of vasoconstriction. Values are expressed as means 2 SD. * P < 0.01; statistically significant differences between the groups.
with the physiological purpose of vasoconstrictiondevelopment of a core-temperature plateau (3). It also is consistent with the formal definition of a thermoregulatory threshold-the core temperature initiating a given response. Requiring intense vasoconstriction may have increased apparent age dependence of thermoregulatory vasoconstriction in our previous study because aging reduces the gain (incremental increase in response intensity produced by a further deviation in core temperature) of vasoconstriction (24). Requiring a 4°C gradient presumably also accounts for the lower absolute thresholds observed previously.
The results of our current and previous (18) studies are far more notable for being similar than different, and it seems that both volatile anesthetics (combined with nitrous oxide) reduce the vasoconstriction threshold approximately 1°C. The shivering threshold during spinal anesthesia is similarly reduced (approximately 0.9'C) in the elderly (12) it is probable that the vasoconstriction thresholds would be even less in this group had we included frailer patients.
By design, end-tidal sevoflurane concentrations were comparable in the two groups. As in our previous studies of thermoregulatory responses in the elderly (18) and in infants and children (28,29), we did not alter the inspired anesthetic concentration to provide equal age-adjusted MAC fractions in young and elderly patients. We made no effort to keep relative anesthetic potency similar because there is no a pviori reason to assume that thermoregulatory impairment and anesthetic action are similarly altered by age. The relative potency of sevoflurane in the elderly is probably reduced approximately 20% by the age difference in our patients (19); this difference may have contributed substantially to the observed difference. Given the general similarities among volatile anesthetics, it would also be interesting to compare agedependent thermoregulatory effects in patients given an IV anesthetic such as propofol. We did not, however, because switching to an IV anesthetic raises several technical problems. The first is that no exact analogy for MAC during IV anesthesia has been defined.
The closest measure is the plasma concentration preventing movement in response to skin incision in half of patients (Cl',,). However, considerable caution is required when comparing responses at the CP,, of an IV agent with those at MAC of a volatile anesthetic. A second difficulty is that the Cl?,, of propofol, a wellstudied drug, remains controversial; the CP,, values of other IV drugs are even less well established. A third difficulty is that the pharmacokinetics of IV drugs is age-dependent.
Consequently, it would likely prove quite difficult to program an infusion pump to provide comparable plasma concentrations in a group of young and elderly patients. Even small differences in plasma concentration would substantially limit interpretation of the resulting thresholds because the dose-response curve for propofol is steep (26, 27 
